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Remarks/Arguments: 

Claims 22-36, newly present hereby, are pending. 

Claims 1-21 are canceled, without prejudice or disclaimer, with claims 11, 12, 18, 19, and 

21 being canceled pursuant to restriction. 

Newly presented claims 22-36 correspond to the elected subject matter— pursuant to the 
restriction requirement of record— provided in the original claims. More precisely, present claim 

22 contains subject matter of original claim 8 (i.e., SEQ I D NO: 86) and original claim 2 (i.e., 
biological activity against infection by HIV) incorporated into original claim 1 . New claims 23-25 
contain subject matter from claims 6, 7, and 9, respectively. Present claims 26, 27, and 28 contain 
subject matter from original claim 10. Present claims 29 and 33-36 contain subject matter of original 
claims 13, 15-17, and 20, respectively. Present claims 30, 31, and 32 contain subject matter of 
original claim 14. Additionally, the present claims include formality changes — with respect to the 
original claims — in order to more clearly define the instant invention. 

The requirements for restriction/election, of record, are repeated and made final, in the instant 
Office Action. Applicants maintain their traversal of the restriction/election requirements, although 
the present claims are limited to the elected subject matter. 

Original claims 1-10, 13-17 and 20 were rejected under 35 USC 101 for allegedly being 
directed to non-statutory subject matter. Reconsideration is requested in view of the changes to the 
claims effected by the instant amendment. 

5 



PAGE 8126 • RCVD AT 112/2008 8:26:17 PM [Eastern Standard Time] » SVR:USPTO-EFXRF-6/14 « DNIS:2738300 • CSID:2023935350 1 DURATION (mm-ss):05-24 



JAN. 2.2008 8:23PM JACOBSON HOLMAN PLLC 



NO. 164 P. 9 



Attorney Docket No. P70650USO 
Application No. 10/539,627 

Accordiagtothestatementofr^ 
statutory products of nature. All of the present, pending claims are directed to— or contain— a 
"synthetic compound," which does not encompass a product of nature. 

Accordingly, the rejection under § 1 0 1 is overcome, i.e., in view of the new claims presented, 
hereby. Withdrawal of the rejection appears to be in order. 

Claims 1-13 were rejected under 35 USC 1 12, first paragraph as allegedly unsupported by 
a sufficient written description of the invention, i.e., the instant specification allegedly failing to 
reasonably convey to one of ordinary skilled in the art that applicants had possession of the claimed 
invention at the time the application was filed. Claims 1-10, 13-17 and 20 were rejected under 35 
USC 1 12, first paragraph, as allegedly lacking enablement Reconsideration of the rejections under 
§112, Jl, is requested, in view of the changes to the claims effected, hereby, taken in conjunction 
with the following remarks. 

As indicated in the present Office Action (sentenced bridging pages 3 and 4), the "written 
description rejection— §112, ^1 — is not "an enablement rejection"— under § 1 12, \l. Nevertheless, 
in the present case the written description is related to the enablement rejection and, therefore, the 
rejections are discussed, together, in the present remarks. The description requirement of § 1 12 may 
be review separately from the enablement requirement, but the requirements are "intertwined." 
KennecottCorp. V. Kyocera International Inc., 5 USPQ2d 1 194, 1 197 (Fed. Cir. 1987), ce/t. denied, 
486 U.S. 1008 (1988). 

The presently claimed subject matter is limited to a 'compound' that is 
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apeptidehavingaininoacidsequence(LEAIPCSIPPEFLFGKPFVF) 2 (SEQIDNO: 
86), a conservatively substituted variant of the peptide containing a maximum of two 
cysteine residues, or au amidated, alkylated, acylated, sulfated, pegylated, 
phosphorylated, or glycosylated derivative of the peptide, 

a "medicament" containing the compound, and a medical-treatment "use" of the compound. 

On the alleged lack of a written description, applicants dispute the allegation that they were 
not in possession of the recited genera (1) nucleic acid coding the peptide having SEQ ID NO: 86, 
i.e„ (LEAIPCSIPPEFLFGKPFVF) 2 , and (2) antibody binding specifically to the peptide. When the 
skilled person has knowledge of the sequence of a protein or peptide— ^s provided by the subject 
application— he also knows, implicitly, the sequence of the nucleic acid coding for such protein or 
peptide. 

The patent law recognizes that it makes little sense to extend the written description of a 
patent by explaining— in the present case— what amounts to a dogma of molecular biology, i.e., a 
triplet of nucleic acids is responsible for the coding of each amino acid in a given protein. Since the 
skilled artisan is well aware of what is aheady known in the art, providing the same information in 
a patent specification would be redundant; and, therefore, a "patent need not disclose, and preferably 
omits, that which is well known in the art." Hybritech, Inc. v. Monoclonal Antibodies, Inc., 231 
USPQ 81, 94 (Fed. Cir. 1986). Staehetin v. Seeker, 24 USPQ2d 1513, 1516 (BPA&I 1992) ("an 
application need not teach, and preferably omits, that which is well known in the art"). 

Accordingly, disclosing the sequence— (LEAJOPCSIPPEFLFGKPFVF) 2 — of the presently 
claimed compound/peptide implicitly discloses the nucleic acid coding for the compound recited in 
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the present claims. The same is true with respect to the recited antibody binding specifically to fee 
peptide . 

Decades have passed since the antibody-related technologies of Kohler and Milstein (e.g., 
"Continuous cultures of fused cells secreting antibody of predetermined specificity," Nature, 256, 
1975, 495-497) were developed. It seems unnecessary to teach the ordinary skilled person— in 
written form in a patent application— how to make an antibody. Moreover, the presentiy claimed 
invention involves the antibodies being only a useful diagnostic tool with respect to the presently 
claimed compound/peptide subject matter. It should also be pointed out that any need to screen a 
protein— such as the presently recited antibody— for biological activity is routine, not undue, 
experimentation, which is consistent with the requirements of § 1 12, \\ . Ex parte Mark, 12 USPQ2d 
1904 (Bd. Pat. App. & Inter. 1989). 

With respect to description and enablement of using the presently claimed compound 
submitted herewith is thepublishedperiodical article Cell, 129(2007) 263-275 (Munch et ah), which 
deals with using peptides for the treatment of HIV. 

In view of the teachings of invention provided by the subject application, given the 
knowledge in the prior art— as evidenced, e.g., by Munch et al.— the skilled person would have 

(1) considered that applicants had possession of the generic invention as presently claimed and 

(2) been enabled to practice the generic invention as presently claimed. Accordingly, both the 
written description and enablement requirements under §112, fl, are satisfied with respect to the 
presently claimed invention. 
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For the foregoing reasons the rejection of claims 1-10, 13-17, and 20 under §112, f 1, for 
allegedly lacking enablement and the rejection of claims 1-10 and 13 and under §112, fll, for 
allegedly lacking a written description are overcome. Withdrawal of the rejections appears to be in 
order. 

Claim 17 was rejected under 35 (JSC 112, 2 nd % for allegedly being indefinite. 
Reconsideration is requested in view of the changes to the claims effected by the instant amendment. 

According to the statement of rejection claim 1 7 is indefinite for failing to recite any positive 
method/process steps. Present claim 35— replacing claim 17— recites the positive step 
"administering the compound [of claim 22] to a patient in need thereof." 

Since the rejected claim is amended hereby— as claim 35-^to recite a positive 
method/process step, the rejection under §112, 12, is overcome. Withdrawal of the rejection appears 
to be in order. 

The objection to the claims is overcome by limiting the present claims to the elected peptide 
(LEAIPCSIPPEFLFGKPFVF) 2 — its sugar-modified derivative and conservatively substituted 
variant — subject matter. Withdrawal of the objection appears to be in order. 
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Favorable action is requested. 



400 Seventh Street, NW 
The Jenifer Building 
Washington, D.C. 20004 
Tel. (202) 638-6666 
Fax (202) 393-5350 
Date: January 2, 20Q8 
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SUMMARY 

A variety of molecules in human blood have 
been implicated in the inhibition of HIV-1. How- 
ever, ft remained elusive which circulating natu- 
ral compounds are most effective in controlling 
viral replication In vtvo> To Identify natural Hf\M 
inhibitors we screened a comprehensive pep- 
tide library generated from human hemofiJtrate, 
The most potent fraction contained a 20- resi- 
due peptide, designated VJRUS-INHJBITORY 
PEPTIDE (VIRIP), corresponding to the C-prox- 
imal region of a1 -antitrypsin, the most abun- 
dant circulating serine protease inhibitor. 
We found that VIRIP inhibits a wide variety of 
HIVM strains including those resistant to 
current anti retroviral drugs. Further analysis 
demonstrated that VTRIP blocks HPV-1 entry 
by interacting with the gp41 fusion peptide 
and showed that a few amino acid changes 
increase its antiretroviral potency by two orders 
of magnitude- Thus, as a highly specific natural 
inhibitor of the HIV-1 gp41 fusion peptide, VIRIP 
may lead to the development of another class of 
anuretroviral drugs. 



INTRODUCTION 

A variety of components in human blood and tissues have 
bean implicated in the inhibition of HfV-1 replication in in- 



fected individuals. For example, the discovery that che- 
mota'nes bind to cofactors of HIV-1 entry and block viral 
replication represented a major breakthrough in AIDS 
research and Jed to the development of several novel 
types of antlretroviraJs targeting various steps in the viral 
entry process (reviewed in Moore and Stevenson. 2000; 
Ray and Dgms, 2006). However, it was fraquentry proven 
difficult to purify and cftaracterize^the antiviral com- 
pound^) released from human cells or tissues. For exam- 
ple, it seems thai the antiviral factor released by CD8~ T 
cells, Initially described 20 years ago (Walker et ah. 
1938), has not yet been identified, although a variety of 
natural anti-HlV factors has since been detected in the 
long and intensive search (reviewed In Levy, 2003). Major 
obstacles in identifying antiviral factors circulating in the 
human body in a systematic, effective, and unbiased man- 
ner are the limited quantities of available human material 
and the lack of standardized methods to purify biologically 
active natural HIV mNbitors. 

Progress in the generation and analysis of peptide li- 
braries derived from human body fluids or tissues allowed 
these limitations to be overcome. For example, technolo- 
gies have been developed for separating peptides from 
largeamountsof up to 10,000 Iter hemofiltrate (HF). which 
is available In abundance from patients wrth chronic renal 
failure f orssmann et aL, 1992; Schulz-Knappe et aL. 
1996). HF-dertved peptide libraries contain an estimated 
number of more than one million different peptides and 
small proteins, representing essentially all circulating 
compounds with a molecular weight below 30 kDa. These 
incLfde chemoKines, defsnsjns, cytokines, and hormones. 
In a highly concentrated and bloactrve form (Schute- 
Knappe et al„ 19S7). Previous studies demonstrated 
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Figure 1. Purifi«rtic>/» & VTRrP from Human HernofJltratfl 

(A} H<pmafftntfe 3 H poo? i was subjected co RP-MPLC and tha tufting fr^ons w^as«y«i tw antrWral activity, "me red ar^spacBestha active 
fraction. The Inlet snows inhfttton of HIV-1 replication by fraction pi-20 fmdlcarsd by the arrows). Human PBMGs were infected with HJV-1 NL4-S in 
the presence of pcpktdo tobone obtained from pH pool t . Viral rapJieattoft was measured by RT «say wifri cell-free culture supemaiant obtained ai 
9 days post-Infection. The results of t*vo infections art shown (Exp. 1 and 2). The symbols specify wefts with uninfected cans (-) or wRhout peptide 
added H rnthc two control (C) columns. 

<B) MALDJ-TOF analyais of the inhibitory fraction obtained at the last Dunficafon step revealed a major compound wttn a molecular mass of 2303 
Dal ton. identification erf the 20 aa sequence was conducted by Edman degradation. 



that such peptide libraries represent e useful source for 
identification end purification of new natural anti-HTV-1 
agents (Detheux eteL, 2000; Munch etaL, 2002). Notably, 
the relative concentrations of the compounds correspond 
to those of human plasma (Schuiz-Knappe et a)., 1996). 
Thus, these Dbreries should allow identification of those 
small circuiting agents that are most relevant for control- 
ling viral infection in viva at least In the absence of a spe- 
cific antiviral host immune response*. 

Here* we performed a systematic screening of en 
HF-denVed peptide library for novel HIV inhibitors. We 
identified a natural 20-resldue C-proximal subfragment 
of «1 -antitrypsin (ai-AT). designated VTRUS-INHIBITORY 
PEPTIDE (VIRIP), as a broad-based inhibitor of H1V-1. 
Moreover, we found that a few amino acid changes en- 
hanced sjinretrovira) potency of VIRIP by two orders of 
magnitude. Functional and structural analyses revealed 
thai VIRIP Inhibits HJV-1 entry by specific binding to the 
gp4l fusion peptide (FP). In agreement with this distinct 
Inhibitory mechanism VIRIP and fee derivatives remained 
fully active even against HIV-1 strains resistant to currently 
available antjretroviraJ drugs including fusion inhibitors. 
Our data support the possibility mat VIRIP may contribute 
to controlling HIV-1 replication in infected individuals end 
that darrvates thereof are highly suitable for development 
of a new class of mv-i inhibitors targeting the highly 
conserved gp41 FP. 

RESULTS 

Isolation of HJV-1 Inhibitor 
from Human Homofifaato 

A peptrde library was established by enrichment and sep- 
aration of peptides from human HF using cation exchange 



and reversed phase (RP) chromatography (Schulz- 
Knappe et aL. 1997). A total of 322 different peptide-con- 
tahing RP-HPLC fractions from the HF peptide library 
wore screened to identify factors that block wild-type 
HfV-1 NL4-3 (NUKSwt) repUcation in human PBMCs 
One fraction (No. PI -20) was selected for detailed analysis 
because it was not cytotoxic and displayed potent antj- 
HJV-i activity, indicated by the lack of detectable reverse 
transcriptase (RT) activity in the culture supernatant (Fig- 
ure 1 A). The active peak was further purified by two addi- 
tional chromatographic steps. MALDl-TOF analysis of the 
Inhibitory fraction obtained after the final step revealed 
a major peak with a molecular mass of 2303 Da (Figure 1 B). 
Edman degradation Identified the sequence LEAIPMSJP- 
PEVKFNKPFVF showing that this peptide, VlftlP, corre- 
sponds exactly to residues 353-372 of human «1tAT 
(accession number P01009), the most abundant circulat- 
ing serine protease inhibitor (Travis and Salvesen. 1983). 
The «1-AT is produced mainly by the liver and controls 
proteinases In many biological pathways even though Its 
main function is to protect the rung against proteolytic 
damage from neutrophil ekastase (Stoller and Abcus- 
souan, 2005). 

VIRIP Inhibits HIV-1 Infection and Transmission 
To exclude the possfaiity that a contaminating agent 
might be responsible for the observed effects, we next 
tested chemically synthesized VIRIP for antiviral activity. 
The synthetic peptide inhibited rnfectjon of PBMC by X4- 
and R5-tropic HFV-1 with a mean 50% inhibitory concen- 
tration (ICso) of about 20 uM but had no effect on Infection 
by viral particles psoudotyped wtth vesicular stomatitis 
vims (VSv-G) or murine leukemia virus (MLv) Env glyco- 
proteins Figure 2A). Importantly, VIRIP was not cytotoxic 
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Flgum 2. Synthetic VIRIP Inhibits HIV-1 Replleatiort and Transinfesign 

^^SlTJ B ? d ^P^^t and RS-mopj* V3 recombinants (blue) or with parte** carrying he terek^ous VSV-G or MLV 
ai panels were oonunmed m tvw to five independent aeperimcrrte. 
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even ai exceedingly hio.h concentrations (Figure SI). HIV-1 
NL^3 replication in PBMCs was suppressed at 20 >iM 
and completer/ blocked atiOOjiM (Figure 2 B). Further ex- 
periments confirmed that both Isolated and chemically 
synthesized VIRIP inhibit HrV-1 infection with the same 
potency (data not shown). Binding of HTV-1 to DC-SIGN 
on dendritic cells (DCs) in the periphery, and subsequent 
transport and transmission to T cells In secondary lym- 
phoid organs, may be important for the spread of HTV-1 
in humans (GeT/tenbeek et aJ. T 2000). We found thai VIRIP 
blocked Hiv-1 transmission by monocyte^rived DCs to 
T ceUs at 100 pM (Figure 2C). Thus, even the presence of 
an efficient virus attachment factor did not overcome the 
ability of VJRIP to inhblt viral infection. We next examined 
the effect of V| R| P on HIV-1 Irtf action of tndicata- 
oells (Chameau et am 994) expressrng CD4 and both ma- 
jor entry cofactois CXCR4 and CCR5- VIRIP inhibited pri- 



mary HIV-1 group B subtype A, B, C, D. F, and H strains 
and several group O isolates with JCso values ranging 
from 4 to 20 jiM (examples shown in Figure 2D). Thus, 
the inhibitory activity of VIRIP was independent of viraJ 
subtype or ooreceptor usage. Notably. VIRIP also blocked 
variants resistant to protease and RT inhibitors (X1 1 , 
ZT3-1) (Walter et aL. 2000) and the fusion inhibitor T20 
(DTV, L3ga J37Q/V3SM) (Arrnand-Ugon et aU 2003; Rim- 
sky et aL, 199S; Raure 2^, sugo^sting that it may be ef- 
fective in patients falling current HAART regimens. In com- 
parison to all HnM variants analysed, the HIV-2 Rod. 
SlVmac239, and SlVmac251 strains were hardry evscep- 
tible to VIRIP inhibition (Figure 2F). However, infection by 
SIV particJes carrying HIV-1 Env proteins (5HJV%69.6 and 
SHIV-RN) (Miyazaki et ai„ 2002; Reimann et aL, 1996) 
was blocked (Figure 2F). Thus, our data show that VIRIP 
is a broad-spectrum inhibitor of HJV-1 Env function. 



Cell 725, 283-275, Apnl 20, 2007 02007 Elsevier Inc. 265 



PAGE 1 6/26 1 RCVD AT 1/2/2008 8:26: 1 7 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/14 * DNIS:2738300 * CSID:2023935350 * DURATION (mm-ss):05-24 



JAN. 2.2008 8:24PM 



JACOBSON HOLMAN PLLC 



NO. 164 P. I 




al-AX (341^4) 
VIRIP (35^572) 

>TOtP-T (35^372) 
PI>-Vmn> (353-372) 
N-VIRI? (353-360) 



-■-VIRIP 

-Q-*1-AT 




peevkfntofvf 



tooo 



100 



□ 10 10D 1000 

inhibitor {uM) 




10 100 1000 
Inhibitor (fiM) 
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Specificity of VIRiP 

To further evaluate the specificity of VIRIP, we tested the 
antiviral effects of lull-length a1-AT and several VIR1P- 
related C-tefminal fragments of ai -AT (Figure 3a). As ex- 
pected from a previous study (Shapiro et at., 2001}, al^AT 
also inhibited HIV-1 infection. However, the full-length 
molecule was fess potent than VIRIP, blocking HJV-1 
Infection by a maximum of 70%, whereas equimolar con- 
centrations of V1RJP caused 99*6 inhibition (Figure 3B). 
We found mat after 24 to 4fi hr Incubation in human 
plasma, about 50% of VIRIP was converted into an 
N-terminaIV truncated derivative, (L-jviRip, lacking the 
first leucine (data not shown). Surprisingly,' this single 
amino acid deletion resulted in a complete loss of antiviral 
activity (Figure 3C). We aJ$o investigated the effecz of sub- 
stitutions of A35SR and M358R (numbering corresponding 
to the futWength ai-AT sequence). These alterations are 
present in the a1 -AT Portland variant, a high-affWry inhib- 
itor of furin (Anderson et al., 1993), one of the proteases 
cleaving the gplBO Env precursor (Hallenbefoar et al., 
1992). However. Introduction of these changes into VIRIP 
(PD-VlRlP) led tea decrease rn its antiviral potency. Fur- 
ther analysis confirmed that VIRIP does not inhlbfr serine 
proteases (data not shown). In aocBtbn, the N- and C-ter- 
minal moieties and a scrambhed form of VIRIP (VIRscr) 
were also inactive (Figure 3C). Thus, the 20-residue- 



comprlsing VIRIP secfuence blocks HIV-1 Infection in a 
highly specific manner. 

improved Antiviral Potency 

To enhance the antiviral activity of VIRIP, we performed 
a systematic structure-activity relationship (SAF0 analysis. 
At first, all possible positions in the original peptide were 
replaced by L-aJanine to determine critical residues. Anal- 
ysis of these VIRIP derivatives revealed that the side 
chains at the four ^terminal (LEA!) and the three C-termi- 
nal (FVF) residues are crucial fbrantiwal activity, whereas 
the remaining alterations were tolerated (TaweSl), Nota- 
bly, the K13A substitution resulted in a peptide with sig- 
nificantly Increased antiviral potency and reduced net 
charge. Furthermore, we examined VIRIP derivatives 
with an N-termiriai acetyl group or with arrridated Ctermi- 
nus. The results demonstrated that the negative ls*-terrni- 
nal charge is crucial for antiviral activity (Table Si), m 
addition, we found by testing peptides of a D-arnino add 
scan that an epimer containing D- proline at position 10 
also showed increased antiviral potency. 

To carry out advanced SAR studies, further series of>600 
VIRIP analogs were designed and chemically synthe- 
sized; among them derivatives that contained a variety 
of natural and non-natural amino acids at positions, which 
tolerated substitution by alanine (examples shown in 
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Figure 4. Improved Aniiv iral Potency of VIRIP Derivatives 

(A) P^OCRS Indicator cans were infected with NL4-3 socke containing 1 .0 ng p24 andpen In the presence of VTRJP, a varteay of VIRIP denvatTvee 
(amino ^cid stance, shown in left panel: p. D-praDne: cyatairiQ residues are GnKed via a diaufflae oridae). orT20. Average values o brained from quin- 
tuple infections are shown (right paneQ. The results were confirmed in two to five independent experiments. 

(B and C) Dose-dependant inhtelBon of (B) primary HIV-1 Isolama of different sutrtype and corecepJor usage (indicated In parent hesgg) or (C) RT-» 
protease-, and T20-reslstant HfV-1 variants by VIR-S76. NLi-Swt inhibition by VIRJP and T20 is shewn for comparison. All curves give average value* 
obtained tram fcrtpfieate infections. Similar results were obtahed In two Independarn experimems. 

(D and 9 Inhibition of R5-<ropte HIV-1 replication in ex wo Infected human temsffary lymphocyte asorwfca cutture* by (□) viR-asa and VR-S7B and 
(5)T2Q. Shown are average lucfTaraae activities In culture supematanis derived from triplicate Infections. Similar resurce were obtained wffh another 
RS-tropte HJV-1 ctons and X4- tropic NU^w. RLU/s, relative Ogm units per second. 



Table S1). An additional approach to increasing antiviral 
potency was the introduction of en intramolecular cyclic 
motif by a disulfide bond. For this, residues were replaced 
by cysteines to generate disulfide bonds. Such peptides 
are considered to exhibit a more rigid structure with less 
flexibility. Several of these VIRIP derivatives displayed 
about two orders erf magnitude increased anfJ-HJV-1 activ- 
ity compared to the natural form (examples shown in 
Figure 4A). Thus, soma of them were equally potent as 
T20 in blocking NL4-3wt infection (Figure 4A). The modi- 



fied forms of VIRIP were also highly active against diverse 
primary HIV-1 strains and against RT-. protease-, and fu- 
sion inhibitor-resistant virus variants (VIR-576 is shown 
as an example in Figures 4B and 4Cj. Examination of the 
infected cell cultures by electron microscopy confirmed 
that VfR-576 protected the ceils against cytopathlc effects 
and prevented vsus production (Figure S2). Moreover, 
VIRIP derivatives were highly effective in blocking trans 
Hiy-1 transmission from DCs to primary T cells 
Figure S3) and maintained significant antiviral activity 



Cafl 729, 2S3-Z75. Apr* 20, 2007 ©2007 Elsevier Inc. 257 



PAGE 18^26 * RCVD AT 1/2/2008 8:26:17 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/14 * DNIS:2738300 * CSID:2023935350 * DURATION (mm-ss):05-24 



JAN. 2.2008 8:25PM 



JACOBSON HOLMAN PLLC 



NO. 164 P. 19 



Ce" 



even after several days of Incubation in human serum (V1R- 
576 shown as an example in Figure S4). Thus, the antiviral 
potency of VIRlP can bo greatly improved by changing 
specific ammo acid sloe chains and/gr particular structural 
features such as charge and peptide chain rigidity. 

To further assess the antiviral potency of VIRIP deriva- 
tives we Infected human lymphocyte aggregate cultures 
(HLAQ of tonsils (Eckstein et a!., 2001) with HIV-1 ex 
vivo In tne presence or absence of an inhibitor. Lymphoid 
tissue is the site where most HIV-i replication and the 
critical events In the progression of AIDS occur In vivo 
(reviewed in Stevenson, 2003). Thus, this ex vivo organ 
culture system provides a relevant model for studying 
the inhibitory effect of antiviral agents on HIV-1 repficatton 
in humans. We found that vlR-353 and V1R-576 as Inves- 
tigated model analogs markedly inhibited the spread of 
HIV-i in ex vivo infected HLAC cultures at 100 nM and 
completely blocKed viral replication at 1 uM (Figure 4D). 
In comparison, T20 suppressed HlV-1 replication at 5 uM 
but not at 500 nM (figure 4^. Thus. VIRlP derivatives 
are potent inhibitors of HJV-1 replication h HLAC. Further 
studies confirmed that VIRIP derivatives are active against 
a wide variety of hjv-i strains without causing cytotoxic 
effects (Figure S1 and data not shown), in summary, our 
findings show that VIRIP derivatives are highly promising 
for further clinical development 

* ; " * - 

r Inhibitory Mechanism of vtrip 
Our results showed that VIRIP blocks specifically the func- 
tion of the HIV-1 Env protein (Figure 2A)Jn agreement with 
these data, tne original peptide inhibited HIV-1 Env-m&di- 
ated cell fusion with an ICso of 26 \i*A (Figure 5A). Opti- 
mized derivatives were about 100-fold more effective 
than VIRIP, whereas (L-)VJRlP or VIRscr (Table SI) were in- 
active. We next investigated which step of the HIV-1 entry 
process is blocked. As shown in Figure 55, VIRlP and hs 
derivatives did not alter CD4 and CCR5 or CXCR4 core- 
ceptor expression. In contrast to antMX>4 antibodies 
and the small molecule CCR5 inhibitor TAK-779, they 
also did not affect binding of HIV-1 gp120 to CD4. or 
CCR5 (Figure S6). Next we examined whether VIRIP de- 
rivatives Inhibit six-heilx bundle (6-HB) formation by the 
gp41 N- and C-proximal heptad repeat (NHRand CHR, re- 
spectively) regions, as do other HIV-1 fusion inhibitors 
(Kilby et al., 1998? Root et a].. 2D01). this interaction can 
be mimicked with synthetic N and C peptides correspond- 
ing to the NHR and CHR regions, respectively, (Lu et aL. 
1995) and detected by QJSA (Gallo et al.. 2006; Jiang 
et al., 1999T; using a monoclonal antibody (NC-1) binding 
speclflcairy to the complex but not to the individual pep- 
tides (Jiang et al, 1998). Unlike the fusion inhibitors 
T1249 and C34 (Armand-Ugon et a!., 2003; Eron et a|„ 
2004), none of the VIRlP derivatives inhibited 6-HB forma- 
tion (Figure 5B). As expected from published data (Liu 
et al.. 2005), T2Q, which does not contain the cavity-bind- 
ing domain (Chan et aL, 1998). did not efficiently inhibit 
6-HB formation of the fusogenle core. 
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Altogether, our results strongly suggested that VIRlP 
does not affect CD4 binding, coreceptar interaction, or 
formation of 6-HB, Thus, we next studied whether VfRJP 
might interfere with the function of HfV-1 gp4l PP (FP1- 
23). Incubation of human erythrocytes with synthetic 
highly hydrophobic Fp usually results in significant hemo- 
lysis (MobleyetaL. 1992). We found that the hemolytic ac- 
tivity of FP1-23 was clearly inhibited by VIRIP but not by 
(L-) VIRIP or VIRscr (Figure 5C). Notably, VIRIP derivatives 
showing improved anfl-Hiv-i activity (Figure 5D) were 
also more potent In preventing Hrv-i gp41 FP-rnduced 
hemolysis (Figures 5C and S7). Optimized ViRfP deriva- 
tives also inhibited the hemolytic activity of the SJV/Hiv- 
2 FP, albeit only at higher concentrations. However, they 
did not affect hemolysis Induced by MLV FP (Figure 5Q, 
We found that T20 also displayed arrtihsmolytic activity. 
This was not surprising because 120 contains a high ratio 
of hydrophobic residues and has been previously shown 
to reduce HJV-1 gp4i FP-induced hemolysis (Mobtey 
et aL. 2001). However, the effect on the HIV-i and SIV/ 
HIV-2 FPs was weaker than that on the MLV FP (Fig- 
tire 5Q, although the latter virus is not susceptible to 
T20 inhibition. These data suggest that T20 inhibits the 
hemolytic activity of different FPs largely via nonspecific 
hydrophobic interactions, in contrast, the antihemoiytic 
activity of VIRIP and its derivatives was highly specific 
and correlated with their antiviral potency. 

To assess whether alterations m the might affect the 
sensitivity of HAM to VIRIP inhibition, we replaced the FP 
of NL4-3 with that of SlVrnac239 (which is rdanticaj to 
that of Hrv-2). We found that significantly higher con- 
centrations of VIRIP and its denVatrves (average of 4,6 ± 
1 .^fold; n e 6) were required for 50% inhibition of the FP 
mutant compared to the parental H/V-1 clone (Figure 5D 
and Table S2). In contrast viral sensitivity toT20 inhibition 
was 5,6-fold enhanced by exchanging the FP. We also ex- 
amined SlVmac239 containing the HIV-1 FP but this chi- 
mera was not infectious (data not shown). SIVmao239 
was substantially less sensitive to VIRIP Inhibition than 
the HlV-1 chimera containing the SlWHIV-2 FP, although 
up to 70% inhibition of SIV was observed in the presence 
of relatively high concentrations of optimized virip deriv- 
atives {figures 5C and SS). Taken together, the results of 
the hemolysis and inhibitions studies show that VIRjp de- 
rivatives interact strongly with the HIV-1 FP, less efficiently 
with the SIV/HIV-2 FP, and not at ail with the MLVFP. How- 
ever, possibly due to altered fusion kinetics and/or acces- 
sibility of the FP, the viral envelope backbone also affects 
the susceptibility of HIV-1 to VIRIP inhibition. 

Structure of the Complex between VTR-165 
and the gp41 FP 

To further elucidate the inhibitory mechanism we analyzed 
the binding specif icfty of the optimized VIR-1 65 derivative 
(Figure 4A) with gp4l FP1-23 by NMR spectroscopy. To 
facilitate the NMR assignments the measurements were 
performed at pH 47, which is lower than under physiolog- 
ical conditions (pH 72). The fact that tne two peptides are 



PAGE 19/26 < RCVD AT 1/2/2008 8:26:17 PM [Eastern Standard Time] 1 SVR:USPTO-EFXRF-6/14 ' DNIS:2738300 4 CSID:2023935350 * DURATION (mm-ss):05-24 



JAN. 2.2008 8:25PM 



JACOBSON HOLMAN PLLC 



NO. 164 P. 20 



Ce" 




NU-SS1VPP 



SIVmac239 



c 




Figure 5. inhibitory Mechanism of VIRIP 

a^l^™^^^ * ***** arc e*k> usad in (BHD). Average valuae or trips*** m *a- 

(B) Inhibitory effcrt of VlftlP derivatives and fusion inrdbtore or* gp4l e-HB formation. 

(C) inhibitory effect at VIRIP dgrfvaoVefi and T20 on hemolysis induced by HJV-1 . SJV/Hrv-2. and MLV FPfi. 

(0) Inhfottlorvof NU^wt, an chimera camainino the $IWHIV,2 FP and Srvmac239, by various VfRJP derivative and 120 The upper panel 
f 0 ** an **«»ir * * B 9P41 FP ae^nce* of HJV-1 and SfWHIV-5. Daahe* and the doYind^te amino acid mSZ^ 



interacting was confirmed by NMR spectroscopy using 
nuclear Overhauser and exchange spectroscopy (NOESY) 
spectra at 250 MHz. At this frequency the NOEsofthe free 
peptides are stfll positive, indicative of the monomenc na- 
ture of the peptides. However, the NOESY spectrum of 
a mixture of the two peptides at 250 MHz shows negative 
signs of the NOEs proving the formation qf a heterodlmeric 
complex in solution. 



To quantify the interaction of VIRIP derivatives with the 
gp41 FP we performed Bfeoore studies. Results obtained 
using immobilized HIV-1 gp4l Fp and prototype VIRIP 
derivatives showed that VtA-165 binds about 20-fold 
more strongly to FP1-23 than (L~)VJR|P (data not shown). 
This leacte to a 60-fold faster association as evident from 
the association rales (k^ of V1R-165 (k*, = 3.2 x iCr 5 
M~V*) and MVTRIP (k^ = 5.4 x 10* M"V^ These 
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data suggest that (L-)VIRIP fe not assuming a Structure as 
weflo^nedasmatof VTR-165, indicating that the first leu- 
cine In ViRlP is eriticaJ for antiviral activity because it sta- 
blitzes the secondary structure of the N-terrninal section. 
The analysis of the binding kinetics from VIR-576 yielded 
« 4.5 x 10 s M-V 1 , whereas VlRscr showed no spe- 
cific binding Thus, only the two inhibitory prototype viFUP 
derivates but not the inactive control peptides associated 
efficiently with the HIV-1 gp4l FR 

Combination of NMR data obtained at 700 MHz and at 
500 MHz proved to be benefidal for the complete assign- 
ment of all nh and CH« resonances of FPl-23 and V»B- 
165 (summarized in Tables S3 and S4>. An almost com- 
plete assignment of side-chain protons was possibte. 
The conformation of the individual peptides was obtained 
from NOEBY spectra in buffered solution. Long-range in- 
teractions with the associated distances are listed in Table 
S5. The structure of the complex of FPl-23 and VIR-165 
was further analyzed by NOESY experiments applied to 
an equimolar mixture of the two peptides (not shown). Un- 
fortunately, It was difficult to unambiguously assign many 
. of the tntermoiecufar NOESY crosspeaks even at 700 MHz 

- me chemical shifts of the protons of the two pep- 

' -I-: ... • . ; . _ ;*'des are very similar, thus resulting in a corcsidarable over- 

.. . ■ ^ the basted * 

■ . eignrnents, Key iniermoJecular MOE crosspeaks were 

*' : »- • identified (Table S6). importantly, these show the dose 

proximity of the newly Introduced residue F12 of VIR- 
l65toLl2pf FPl-23. 

Using unambiotrous key Irrtermotecular NOEs between 
the two peptides in the complex, it was possible to con- 
struct a docking model of FPl-23 and V7R-1 65. The con- 
formation of the two peptides was initially kept the same 
as determined in solution. Applying the key rntermofecular 
NOEs the DYANA distance geometry simulation yielded 
a complex in which both peptides basfcaJry remained in 
the respective structure that they had each adopted sep- 
arately in the solution. This model was then used as a start- 
ing model for a refinement procedure utilizing an MD sim- 
ulation with the TRIPOS forge field. During this 500 ps 
simulation all NOE restrahts, including intermolecular 
ones, were active and yielded a final refined structure of 
the complex of FP1-23 and VIR-1B5. The resulting modei 
is in excellent agreement with the experimental con- 
straints as seen in Table SS. Our data also show that the 
two peptides already adopt their bioactive conformation 
before tha complex is farmed. Large highly complemen- 
tary hydrophobic surfaces are responsible for the strong 
and remarkably specific Interaction between V1R-165 
and the gp41 J=p (Figure 6). The model also explains the 
enhanced antiviral activity of V1R-165 as compared to 
VIRIP. The mutated amino acids in VIR-ifis, j,e., F12 
and A13, have dose proximity to and make hydrophobic 
contact to residues of FPl-23. The two newly introduced 
cysteine residues stabiftee the active conformation of 
VIR-165, which is necessary for its tight interaction with 
FP1-23, 
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Figures. Structure of the VtRIP-FP Complex 
(At-C) The complex of tho two peptides; toft V1R-TB5 {n?d and Ught 
green), right FP1-23 (bkja and magenta}. The amro acids intaracChg 
wiih each other are shown in Ight green and bkja, respectively. The 
N-termmai ammo acta of V1H-TB5, l.e^ leucine, * shown in groert. (A) 
The peptides FPl-2Sand VlR-1 55 as ribbon and atiekmodefe; (B) pep- 
fcte FP1-23 as swface ptot and th© inhibitor VIR-165 as stick model 
(hydrogen atoms not shown); (C) tho two peptides VTR-1&5 and 
shown as surface plots. The compJernontamy of the surfaces is 
stftevrdant 



The HIV-1 &p41 FP Is a Useful Drug Target 
To select resistant variants we initially performed serial 
passages of or mixtures of molecular HIV-1 dones 
in PBMCs In the presence of VIRIP, T20, CWT1249, respec- 
th/aty. We found that no VIRIP- or Tl249-resistant forms of 
HIV-1 emerged wrthfft two months of weekly passage. On 
the other hand, as expected based on previous studies 
(Rimsky et al., 1 995), 720-reslstant HIV-1 isolates Contain, 
ihg changes in the "GIV" motif of the gp4l HR1 region 
emerged after 3 to 4 passag es (data not shown). To clarify 
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iants, we generated a set of 15 HIV-1 mutants, containing 
random change rn the gp41 FP region figure 7A). As 
controls, we randomized residues In or nearthe "GrV" mo- 
tif (known to ptey a key role in T20 resistance; reviewed in 
Greenberg and Cammack, 2004) and In the deep hydro- 
phobic cavfty (known to be highly conserved and to repre- 
sent a good drug target; Chan at al., 199S) of the NU-3 
gp41 HR1 region. All praviraf plasmld preparations repre- 
sented a large number of independent transformers 
(964 ± 361 ; average x SO, n = 1 9) and contained a complex 
mixture of nucleotide changes in the targeted codons (Fig- 
ure S9 end data not shown). HJV-1 mutants containing 
random changes in the FP or deep cavity regions usually 
showed grossly impaired infective, whereas changes In 
the "GJV" motif were better tolerated (Figure 7A). We 
found that none of the FP mutant virus stocks displayed 
s^nrficanily reduced sensitivity to (Figure 7B). 

In contrast, the two HIV-1 pools containing changes in 
the gp4i '»Gr\r motrf were resistant to T20 but not to 
V1R-S76 (figure 7C). No resistant virus variants were de- 
tected after propagation of the 15 H!\M mutants contain- 
ing random changes in the gp41 FP region in CEM-M7 



cells in the presence of Vift-576, whereas analogous ex- 
periments allowed the effective selection of T20-resistarrt 
forms (data not shown). These results show that changes 
in the gp4i FP region usually either are not tolerated or do 
not confer resistance to VIR-576, which likely explains 
the difficulty to generate VIRIP-reststant HIV-1 variants 
in vitro. 

DISCUSSION 

An Inhibitor Targeting the HfV-1 gp41 FP 
This study demonstrates that a 2D-residue C-proximal 
fragment of <tl-AT Is a potent broad-spectrum inhibitor 
of HIV-1 since VIRIP blocks infection by ail Hrv-1 variants 
tested, regardless of their subtype or coreceptor usage. 
Wnp specifically inhibits HIV-1 Bnv function and hardly, 
or not at all, affects infection by virions containing HIV-2, 
SIV, MLV, or VSV Env proteins or by other human patho-' 
gens such as Ebola, Herpes Simplex, or Respiratory Syn- 
cytial Virus (data not shown). To date the most advanced 
HIV-1 entry inhibitors target CD4 binding, coreceptor In- 
teraction, or gp4i -mediated membrane fusion (reviewed 
in Jiang et aL, 2002: Moore and Stevenson, 2000; Ray 
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and Doms, 2006). In contrast. V/RIP and its derivatives 
seem to act by a distinct mechanism. Our functional and 
structural data consistently indicate that VIRIP derivatives 
inhibit Hlv-1 entry by binding to the g P 41 FP and prevent- 
mg fts insertion into the target ceil membrane. In agree- 
met* with our experimental results (Figures 7£ and 4C) 
this property implies that V1RIP derivatives ^ a^ve 
against HlV-1 variants that ere resistant to other entry 
Inhibitors making them highly suitable for further cynical 
development. 

The significantly reduced susceptibility of the HIV-1 chi- 
mera containing the SIV/HJV-* FP (Figure §d and Table 
S2) shows mat mutations in the gp41 FP region can confer 
partial resistance to VIRIP inhibition. We found, however 
that ft is difficult to select VIRlP-resistant HIV-1 variants 
in vitro- This is not entirely unexpected because the 
gp*i FP region is highly conserved, and it has aJso proven 
challenging to obiain HIV-1 mutants resistant against 2nd 
generation fusion inhibitors (reviewed in Ray and Dorm, 
2006). Our results show that meet changes in the gp4l 
FP region are usually not tolerated or do not confer resis- 
tance to an optimized vIRJP derivative (Figure 7). More- 
over, a combination of changes (seven in the case of the 
chimeric virus) seems required for significant resistance. 
Altogether, these results explain the difficulty to select 
VTRIP-resistant HIV-1 variants in cell culture. The FP hy- 
brid virus shows enhanced susceptibility to T20 inhibition 
(Table S2). The reason for this remains elusive, but obvi- 
ously decelerated fusion kinetics of the chimeric gp41 
could be responsible for this phenotype and may also 
explain why the HrV-1 SIV-FP chimera is mom susceptible 
to inhibition by V1RJP derivatives than SIVmac239 
(Figure 5D). 

It has been previously shown that fuJMength «1 -AT also 
affects HIV-1 replication (Shapiro et al, 2001). We con- 
firmed these findings but also found, however, thai ViRlP 
inhibits HJv-1 with higher efficacy than fulHength al-AT. 
Our data also bnply that the modes of action are different 
VIRIP does not affect HIV-1 promoter activity and, unlike 
ctl -AT, does not Inhibit HIV-2 Plod infection. VIRIP exhibits 
no significant inhibitory effect on a number of serine pro- 
tehases, including human neutrophil elastase, trypsin, 
thrombin, and tryptase and does not affect cleavage of 
the gpl60 Env precursor Into gpl20 and gp41 (data not 
shown). Thus, our data demonstrate that VIRIP acts via 
a different mechanism and is a more potent inhibitor of 
HIV-l than full-tength al -AT. 

Possible Role of VI RIP in HIV-i -Infected Individuate 
VIRIP was isolated from a complex peptide library repre- 
senting essentially all low-molecular-weight compounds 
circulating in human blood (Forssmann et a!., 1992). Frac- 
tion P1-20 was more potent in inhbiting HIV-1 than all 
remaining HF-denVed peptide fractions, suggesting a rele- 
vant role of the inhibitory compound in vivo. The anti-Hi v- 
1 potency of the original fraction indicates that tha plasma 
concentration of VIRIP is about 1 *iM (Figure 1A). Exact 
quantification of v/Rjp in human plasma proved to be 
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complicated because quantitative separation from full- 
length a1 -AT and other inactive C-termina! subfragments 
was difficult to achieve. It should be noted, however, that 
orl-AT is the most abundant circulating serpin reaching 
plasma concentrations up to 250 jiM during acute infec- 
tion or inflammation (reviewed in Brantly et al 1988* 
Kushner. 1988). Under these conditions less than 5% of 
the precursor molecule needs to be converted to VIRIP 
to reach the in vitro IG^, We, as well as others, found 
that matrix metallo-protainases (MMPs) 2 and 9 generate 
the N terminus (F^l!^) 0 f VIRIP (Oesrochers and 
Wefss, 1066) (data not shown). Most liKely, related prote- 
ases cleave at the C terminus of virip containing the 
same amino acid motif (F^iL^. MMPs are elevated 
m response to inflammation or HIV infection (Qoetzi 
et at. 1$96; Johnston et al., 2000). Accordingly, HIV-1 in- 
fection presumably induces both, the al-AT precursor 
and the proteases involved in the generation of VIRIP. In 
summary, our results indicate that VIRIP might impact dis- 
ease progression in Hlv-i -infected individuals. 

Complex between the HfV-1 gp4l FP •» 
and an Improved VIRJR Derivative ^ 
A complete sequential assignment of the peptides was 
achieved us|ng7qp MHz MMR experiments, Long-range 
NOEs aJlowed.ys to elucidate the solution structures of 
FP1-23 and V1R-165. The analysis of the mixture of the 
peptides utilizing NOESY experiments revealed that 
FP1-23 and V1R-1G5 associate mainly via hydrophobic in- 
teractions of the amino acid side chains. A model of the 
structure generated using distance geometry (DYANA) 
and molecular dynamics calculations shows clearly that 
the high specificity of the recognition of FP1-23 by VIR- 
1 65 is due to remarkably complementary surfaces of the 
two peptides (Figure 6). The model also explains the en- 
hanced specificity and affinity of vTR-165 compared to 
the parent VIRIP and the results of our comprehensive 
SAR analysis of >$QQ VIRIP analogs. Additional hydropho- 
bic amino adds in V1R-1 65 or other optimized vlRJP deriv- 
atives Increase the hydrophobic contact area between the 
two eornplernentary surfaces. In contrast, changes in the 
C-termjnal (FVF) residues of VfRIP disrupt antiviral activity 
(Table S1) because they enm/nate critical hydrophobic In- 
teractions with residues in the gp4l FP (Figure 6). Our re- 
sults further Indicate that a disulfide bridge stabilizes and 
elimination of the first leucine destabilizes the active con- 
formation of VIRIP required for effective gp41 FP binding 
and hence antiviral activity. The solution structure of the 
FP1-23/VJR-165 complex not only explains the antiviral 
activity of VIRIP and Its derivatives but also provides a ba- 
ses for a rational approach to design even more potent 
inhibitors. 

Perspectives 

VIRIP exhibits interesting properties tor further therapeu- 
tics/drug development It is active against a broad variety 
of HIV-1 variants and targets the highly conserved gp4i 
FP. Our studies show that the gp41 FP region is an 
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n^^i , ^ et ^ demWSOatB «* * * difficult to 

obtain ^raP^Btant HIV-1 variants, at least in cell cul- 
ture. Furtherniore, we found that many virjp derivatives 
are highly stable In human plasma and not cytotoxic 
even at exceedingly high concentrates. Per selected 
VIRP denvatives the lack of toxicity has also be^n con- 
ned , n anir^, models. Importantly, a few amino acid 
changes enhance the anth/iral potency of VIRIP by about 
two orders of magnitude. Thus, further development of 
vTFUPaa an anSviral agent may lead toa new class of entry 

r^T aX ^S Sd to bl0ck HIV " 1 vafe ^ r63 «tent to 
cuirently available antiratrovial agents. 

EXPERIMENTAL PROCEDURES 
Identification of VffUP 

T *™ 1 D '°°° nrars * humart NF derived from 

™ ***** fractionated by ca*on- 

rZ!l PPOl ^ re 1_7) ' ^chromatography 
w^pe^«t where 46 fractions per pool were obtained, as n> 

f^fT* * ^ 2000) ' Rac * 0n p1 " 20 ^pl^ng strong 
w>o-rw-t activity was further aaparatad By two addfcgn^fnP-HPtjS 

pcrtormsd » ctee^antsd Wartc ec ai n 1dg9>: 

•^W'Wjtb prepared by FmooWlid-p^ ^htheiis as 

^^^V^l^' 8nd W by 

^^-Phase chrgmatoon.priy. identity and horrogenefty of the 

topharews, oJeistroepray MS , and sequence ana*sis. 
HAM Variants and Vims Stocks 

Pjimaj7 MV.1 and w-2 Rod were obtained though ma NIH 

A^SR^t Program, Secular denes and me g on emfin of virus 
*tocte are dBae/ibed In the Supplemental Experimental Procediin*, 

Hi\M mfcethrtty, Repfleaiion, and Ti^smiasion 

o^rfeebvrty m P4-CCRS ceo* was assayed as ctescri** previous* 
(Ctom^ et si., 2000; MOnoh etaL 2002). inhibition of PSMC Sector, 
was measured by infection with NU-3 varianta containing me hictter- 
^Sfifing «> pia-fi grfoe/as described (HiebenmaMMlow And WrehhofF 
DCs> ^ Generated *e deaertbed (Prechtg, et aL. 
ZO^AIueffB^arv^gl^^-baaed reporter via* waa added 
*> SOOO immamre pr* ln a ^ ^ l4Q ^ Afer2hrunbouod 
virus was removed ind calls ware resu^perxted r> 100 pi RPMI 

6000 PHML-2-rtmuJaTad PBMC contain** autoteooua sariim 
(JO »I) added to the DC cutturas. As comml DCs ware treaiad 

^^3^^^: ^ 

Human Ton^Tlary Lympnocyte Aggre^te Cwttures 
J^nwi lymphoid tissues wore processed and ci/fo red as described 
« *b*™)' Scribed In tha Supptemen^ 

o<penmental Procedures. 

Qp4l 5i**feHx Bundle FOrm^on 

r^^^T^^ ^ NC " 1 ^ tene « 19 9^ was used In 

a mo^dEusA as p^v^deaenbed (Gafto aL. 2003) to dater. 

mine the Bff^ t of VIRP and ctorvHtrve^ on the 6-HS fbrrnarton 



Hrv-1-Madiaiod Cell Fusion 

A dye transfer away was used for detection of HlV-i-rnadiated cefl hj. 
Hemolysis 

Memory^ wbs derWned ^ described (HeWioral cpt aj 19^ Far 
detsas r see me Suppiamomaj Bqsenrnental Fyocedures. 

Structural Analysis 

^PM65 peptide and of ma complox are d«cdbed in me SuppJe- 



BJecore Analysis 
Surtaoe plasmon resonance studies an 
taJ Expenmentai Procedures, 



Ocswibad in the Supplamen. 



HIV-1 gp41 Random Mutants 

Sfhs^pecir^ random nxrtagenesis of the NJ^Smolaoyiarctono 
was performad by apjice^veriap extension PGR using wobble 
■pn^ors. For detala, sac tha SupptemenfcU &cpenrn cnlai p^edures. 

ea'trsacai Analysis 

f^o yaiues wenp comparod usino 3 two-toiled Snid^nfs t rest. Trie 
PRSM package version 4.0 Abacus Concepts. Serketey, C*) was 
uaed for ail calculations. ^ 

Supplemental CXstp 

SuppJamentaidaaii^udor^erW^ ^ 
sixtabfe ^dcan be found with mfs artlcte onflna a h^yAvww.oeJL 
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